1. Introduction {#sec0005}
===============

Adolescence is a developmental stage characterized by age-specific alterations that remain highly conserved across species. In addition to neural, hormonal, and physical transformations, changes in behavior are also evident, including adolescent-associated increases in novelty seeking, social activity and risk taking (see [@bib0235], [@bib0240] for a review). Initiation of alcohol use also occurs largely in adolescence ([@bib0065]), with some of this use reaching high levels. Recent statistics within the United States have determined that approximately 5.1% of 8th graders, 15.6% of 10th graders, and 23.7% of 12th graders reported binge drinking (5+ drinks) within the previous 2 weeks ([@bib0105]), often on multiple occasions ([@bib0150]). Beginning alcohol use early in adolescence may be particularly problematic, with the age of initiation of alcohol use ([@bib0040]) joining levels of binge drinking during adolescence ([@bib0315]) as strong predictors of subsequent alcohol dependence. Recent work has raised the possibility that consequences of binge drinking in early versus late adolescence may differ (see [@bib0250], in press, for review). For instance, two studies in humans highlighted differences in parietal lobe activation when comparing current early ([@bib0270]) and late ([@bib0265]) adolescent binge drinkers during a spatial working memory task. Likewise, in simple rodent models of adolescent ethanol exposure, administration of ethanol early in adolescence resulted in context retention deficits, whereas exposure beginning just a week later did not, although this exposure later in adolescence resulted in a context extinction deficit similar to that seen in adults ([@bib0020]). Such findings suggest that there may be distinct consequences of binge-drinking depending on whether the exposure begins in early or late adolescence.

The more than two-fold greater per occasion use of alcohol during adolescence than seen in adulthood is not only evident in humans ([@bib0090], [@bib0125]), but also in other mammalian species such as rodents ([@bib0050], [@bib0300]). Consequently, rodent models have been employed to explore factors contributing to the enhanced ethanol intake during this developmental transition. Such factors have shown that adolescents are relatively insensitive to many ethanol effects when compared to adults, especially to properties of the drug which likely serve as cues to limit intake (for review, see [@bib0055], [@bib0260]). However, while adolescents display attenuated sensitivity to ethanol-induced sedative ([@bib0230]), motor impairing ([@bib0310]), social disrupting ([@bib0285]) and aversive ([@bib0010]) effects, they also conversely exhibit enhanced sensitivity to other consequences of ethanol, including ethanol-induced social facilitation ([@bib0290]), memory impairments ([@bib0120]), and possibly the rewarding properties of the drug ([@bib0155], [@bib0190]).

Conditioned taste aversion (CTA) is a method often used to determine the dysphoric effects of ethanol. In this procedure, ingestion of a novel flavor (CS) is paired with the effects of a specific drug (unconditioned stimulus, US). When the animals are later given an opportunity to consume the CS, the degree to which the animal avoids the solution is an indicator of the relative dysphoria experienced in the initial pairing. Previous studies from our laboratory have demonstrated a relative insensitivity to ethanol induced CTA in adolescents, with a higher dose ([@bib0010], [@bib0305]) and more CS-US pairings ([@bib0010]) needed to produce attenuated intake of the CS in adolescents than adults. Moreover, prior work by [@bib0080] reported a negative correlation between CTA and ethanol intake, suggesting that a lower sensitivity to the aversive properties of a drug may be an important contributor to greater levels of intake. It has been suggested that the overall hedonic value of a drug is a function of the balance between its rewarding and aversive effects ([@bib0180]). Thus, the relative insensitivity of adolescents to the aversive effects of ethanol may facilitate increased drinking during development.

To explore lasting consequences of alcohol exposure during adolescence, a variety of models of adolescent intermittent ethanol (AIE) exposure have been used in rodents in recent years. Under some, but not all, circumstances, adolescent-typical phenotypes are retained into adulthood after AIE, including studies examining behavior and cognition, in addition to electrophysiological and neural characteristics (see [@bib0255], for review). For instance, adolescent-typical elevations in ethanol consumption ([@bib0005], [@bib0020]), attenuations in ethanol-induced CTA ([@bib0005], [@bib0045]), greater ethanol-induced impairment in working memory ([@bib0185]) and increased impulsivity ([@bib0070]) have all been reported in adult rats weeks following AIE exposure.

To assess whether ethanol exposure during early versus late adolescence differentially influences later aversive properties of ethanol, the current study assessed the impact of AIE during early (P25-45) and late (P45-65) adolescence on ethanol CTA. Two separate post-exposure to test periods were examined, with CTA assessed immediately following the last exposure (CTA-1; withdrawal) and 3-weeks post exposure (CTA-2). All animals were given both tests, with separate tastants used for the two CTA sessions, with the first session (CTA-1) using a sweet (supersaccharin (SS)) and the second (CTA-2) using a salty (sodium chloride (NaCl)) solution. Studies have shown rodents to readily consume both tastants (SS: [@bib0140]; NaCl: [@bib0115], [@bib0195]). Utilizing two distinct tastants rules out issues of memory retention across tests, and helped ensure the animals consumed enough of the CS during the CTA-2 conditioning session. Blood ethanol levels following ethanol challenge were assessed after both CTA tests to determine possible contributions of chronic tolerance to the CTA findings that were obtained.

2. Methods {#sec0010}
==========

2.1. Subjects {#sec0015}
-------------

A total of 288 Sprague-Dawley male rats bred and reared in our colony at Binghamton University were used in this study. The day after birth, all litters were culled to 8--10 pups and housed with their dams until weaning on postnatal day (P)21, at which time animals were pair-housed with same-sex littermates. Animals were maintained in a temperature controlled (20--22° C) vivarium on a 12-/12-h light/dark cycle (lights on at 07:00) with ad libitum access to food (Purina Rat Chow, Lowell, MA) and tap water. All procedures were conducted in accord with guidelines established by the National Institutes of Health using protocols approved by the Binghamton University Institutional Animal Care and use Committee.

2.2. Experimental design and animal assignment {#sec0020}
----------------------------------------------

The design of this experiment was a 2 exposure age (early: P25-P45; late: P45-65) X 3 exposure condition (EtOH, H~2~O, or NM) X 5 CTA training dose (0.0, 1.0, 1.5, 2.0, and 2.5 g/kg EtOH) factorial. Initial assignment sample size was 8--10 animals per group. Animals were assigned to groups randomly, with the constraints that: (a) no more than one animal from any given litter was placed in a particular test group to avoid confounding litter with treatment effects ([@bib0325]); and (b) animals were assigned to different training doses in CTA-1 and CTA-2 (using a counterbalanced design).

2.3. Procedure {#sec0025}
--------------

### 2.3.1. Chronic exposure {#sec0030}

Animals were chronically exposed to either water or ethanol from P25-45 (early) or P45-65 (late). During this regimen, subjects were weighed and given 4 g/kg ethanol or water intragastrically (i.g.) every 48 h for a total of 11 exposures. Ethanol was intubated as a 25% (v/v) solution in tap water, while subjects in the water condition were intubated with an equivalent volume of water alone. Animals assigned to the NM group were weighed on the first (P25/45) and last (P45/65) exposure days. Following the last exposure, there was a 48-h period prior to the onset of the CTA-1 procedure to allow animals to recover from any potential acute withdrawal effects.

### 2.3.2. CTA-1 training/test procedure {#sec0035}

Beginning on P48 or 68, each pair of animals was 50% water restricted. To calculate water restriction, water intake for each pair of animals over the previous 24-h period was measured and half of this amount was provided for the following 24-hours. Twenty-four hours after the onset of the water restriction period, the conditioning session occurred. At the onset of each session (conditioning and test), animals were weighed and each housing pair was separated in their home-cage with a wire-mesh divider 15 min prior to a 30-min conditioning/test session. Separating the animals in this way allows for measurement of individual consumption in homecage testing without the stress of isolate housing, and has been used previously in our laboratory (e.g. [@bib0010]). At the onset of conditioning, each animal was provided with one bottle containing a supersaccharin (SS) solution (3% sucrose, 0.125% saccharin in water; modified from [@bib0100]; see [@bib0140]). Immediately following the 30-min access to the tastant serving as the conditioned stimulus (CS), the bottle was removed and the animal was injected with the designated training dose via interperitoneal (i.p.) administration of a 20% (v/v) solution in physiological saline; 0 dose controls were injected with 0.9% saline isovolumetric to the highest dose of ethanol administered. Each housing pair together received the same drug challenge, and remained separated with the wire-mesh divider for an additional 15 min. Upon removal of the mesh divider, each pair of animals was provided with ad libitum access to a fresh bottle of water. The following day (P50 or 70), animals again underwent 24 h of 50% water restriction. On P51 or 71, animals were given a test session consisting of 30 min access to SS. Fifteen minutes after the end of the access period, the mesh divider was removed and animals were again given ad libitum water access. The following day (P52 or 72), animals were again injected i.p. with their assigned training dose and remained unseparated in their homecage for 30 min, at which point tail bloods were collected for assessment of blood ethanol concentrations (BECs).

### 2.3.3. CTA-2 training/test procedure {#sec0040}

Following blood collection after CTA-1 testing, animals sat undisturbed in their homecages until P70 (early AIE animals) or 90 (late AIE animals), when the above procedure was again repeated, but with two modifications. Animals received a different training dose during the second CTA procedure than was used during CTA-1 (with dose conditions counterbalanced across animals). Further, a different CS, sodium chloride (NaCl) (0.9%) was used to avoid the potential confound of memory retention of the prior CS aversion across CTA-1 dose conditions.

### 2.3.4. Ethanol analyses {#sec0045}

On P73 or 93, animals were again injected i.p. with their assigned training dose, and left undisturbed in their homecage until they were euthanized via decapitation for assessment of BECs 30 min post-injection. Trunk blood and brains were collected and maintained at −80 °C until analysis. Blood ethanol concentrations (BEC) were assessed via headspace gas chromatography using a Hewlett Packard (HP) 5890 series II Gas Chromatograph (GC) (Wilmington, DE) and procedures in standard use in our laboratory (e.g. see [@bib9000]).

2.4. Data analysis {#sec0050}
------------------

Early and late AIE animals were analyzed separately for intake of the CS in mls on each conditioning and test day. Data from 10 animals were only included in CTA-1 analysis due to experimenter error during CTA2 training. Animals that consumed less than 1 ml of the CS on either conditioning day were excluded from analysis only for that CTA training/test session (i.e., CTA-1 or CTA-2), as were animals whose measured consumption was ≥2 standard deviations from the mean (and hence likely to reflect bottle leakage). In total, data from 23 animals from CTA-1 and 20 from CTA-2 were excluded, with no more than 2 animals excluded per group, resulting in a final *n* of 7--10 per group.

CTA-1 and CTA-2 data were analyzed separately. Baseline intake at each of the two test intervals was analyzed via a 3 (Exposure condition: ethanol, water, NM) × 2 (Exposure age: early, late) × 5 (Dose) ANOVA to determine if there were differences in pre-conditioning consumption of the tastant across the groups. Given the presence of such differences in CTA-1 (see results), test day intakes were transformed to percent baseline for each animal prior to analysis of the test day data. Additionally, CTA-1 test day consumption of late animals violated Levene\'s homogeneity of variance assumption, with these data being successfully transformed via square root transformation.

To explore main effects of Dose and Exposure (and/or their interaction) emerging in each of these analyses, doses effective for producing CTA in each exposure condition were determined using the Dunnett\'s test, using the saline control group as the comparison group. Although this focus on dose-response analysis within each group was made a priori, due to the nonorthogonal nature of these contrasts, they cannot be strictly considered planned comparisons ([@bib0200]). All findings were considered significant at *p* \< 0.05.

3. Results {#sec0055}
==========

3.1. CTA-1 data (training/testing beginning 48 h post-AIE exposure) {#sec0060}
-------------------------------------------------------------------

### 3.1.1. Baseline Intake ([Fig. 1](#fig0005){ref-type="fig"}) {#sec0065}

The ANOVA of baseline intake during CTA-1 revealed a main effect of Exposure in both early (*F*\[2,111\] = 6.27, *p* = 0.003) and late (*F*\[2,125\] = 20.85, *p* \< 0.001) AIE animals, with animals exposed to water i.g. at either age drinking significantly more SS compared to the other groups (see insets to [Fig. 1](#fig0005){ref-type="fig"}). Analysis also revealed a main effect of Dose (*F*\[4,111\] = 3.01, *p* = 0.02) in the early AIE group, with animals assigned to receive saline immediately after the baseline intake period consuming more of the tastant compared to the other dose assignments. Due to this inadvertent sampling bias and the baseline elevation in SS intake in the water groups, CTA-1 test day data from both exposure ages were analyzed as percent baseline.Fig. 1A main effect of Exposure in baseline intake during CTA conditioning was seen in both early (*F*\[2,111\] = 6.27, *p* = 0.003) and late (*F*\[2,125\] = 20.85, *p* \< 0.001) AIE animals, with animals in the water exposure group drinking significantly more SS than other groups (see inset). A main effect of Dose was seen in the early AIE group (*F*\[4,111\] = 3.01, *p* = 0.02), with animals assigned to receive saline consuming more than all other doses. \* Denotes significant difference from other doses; \# Indicates significant difference from other exposure groups.

### 3.1.2. Test day intake ([Fig. 2](#fig0010){ref-type="fig"}) {#sec0070}

The ANOVA of % baseline intake during the CTA-1 test session in the early AIE group revealed main effects of Exposure (*F*\[2,111\] = 4.69, *p* = 0.011), and Dose (*F*\[4,111\] = 15.51, *p* \< 0.001). Dunnett\'s planned comparisons revealed that both water exposed and NM control animals showed less % intake on test day than did saline control animals following the three highest doses of ethanol (1.5, 2 and 2.5 g/kg), whereas % intakes of animals chronically exposed to ethanol were significantly lower than saline control animals only after the 2 highest doses of ethanol (2 and 2.5 g/kg). Analysis of the square root transformed data of the late AIE animals also revealed main effects of Exposure (*F*\[2,125\] = 17.47, *p* \< 0.001), and Dose (*F*\[4,125\] = 12.15, *p* \< 0.001). Dunnett\'s planned comparisons determined that animals in the NM group had significantly lower % baseline intakes than saline control animals following all doses of ethanol, with significant attenuations in intake evident in water exposed animals after the 3 highest doses (1.5, 2, and 2.5 g/kg). In contrast, animals in the ethanol group exhibited significantly lower % baseline intakes than saline control animals only after the highest dose (2.5 g/kg).Fig. 2Dunnett\'s post hoc tests of test day intake during CTA-1 revealed an attenuated sensitivity to ethanol CTA in both ethanol-exposed groups \* Denotes significant difference relative to saline-injected controls within each adolescent exposure condition.

3.2. CTA-2 data (3-weeks post-exposure) ([Fig. 3](#fig0015){ref-type="fig"}) {#sec0075}
----------------------------------------------------------------------------

### 3.2.1. Baseline intake {#sec0080}

The ANOVA of baseline intake during CTA-2 revealed no main effects in either early or late AIE groups (data not shown).Fig. 3Dunnett\'s post hoc tests of test day intake during CTA-2 revealed an attenuated sensitivity to ethanol CTA in both ethanol-exposed groups. \* Denotes significant difference relative to saline-injected controls within each adolescent exposure condition.

### 3.2.2. Test day intake {#sec0085}

The ANOVA of CS tastant intake in mls during the CTA-2 test session in early AIE animals showed significant effects of Dose (*F*\[4,110\] = 15.86, *p* = 0.0001) and Exposure group (*F*\[2,110\] = 12.3, *p* \< 0.001) and their interaction, (*F*\[8,110\] = 2.24, *p* \< 0.03), with the ANOVA of test day intake of Late AIE animals revealing main effects of Dose (*F*\[4,107\] = 15.23, *p* \< 0.001) and Exposure group (*F*\[2,107\] = 17.87, *p* \< 0.001). Dunnett\'s test revealed that among early and late exposure groups, NM control animals significantly decreased test day intake relative to their saline controls following all doses of ethanol (1, 1.5, 2, 2.5 g/kg), whereas intake was significantly suppressed among animals in the water exposed groups after 1.5, 2 and 2.5 g/kg of ethanol. In contrast, in both the early and late exposure age group, ethanol animals significantly decreased their intake relative to saline controls only following the highest dose of ethanol (2.5 g/kg).

3.3. BECs {#sec0090}
---------

The ANOVAs examining tailblood BECs following CTA-1 revealed only expected dose effects on BECs in both early (*F*\[4,110\] = 234.02, *p* \< 0.001) and late (*F*\[4,121\] = 2.62, *p* \< 0.04) exposure age groups ([Table 1](#tbl0005){ref-type="table"}). There were no main effects or interactions involving exposure age or condition. The ANOVA examining trunk blood BECs following CTA-2 in the early AIE animals revealed both a main effect of Dose (*F*\[4,110\] = 195.43, *p* \< 0.001), and Exposure (*F*\[2,110\] = 7.39, *P* \< 0.01), with early AIE animals exposed to water having slightly but significantly higher BECs than the other exposure groups ([Table 1](#tbl0005){ref-type="table"}). The ANOVAs examining BECs in late AIE animals revealed only the expected dose effect (*F*(4, 105) = 203.28, *p* \< 0.001).Table 1BECs following CTA-1 and CTA-2.Early exposureLate exposureDoseDose1.01.522.511.522.5Post-CTA-1 BEC (tailblood)NM77.68 ± 4.22131.9 ± 9.57176.46 ± 14.24248.34 ± 21.7582.38 ± 5.39136.84 ± 11.11196.2 ± 18.72212.91 ± 26.57Water98.7 ± 5.17136.52 ± 6.96514.55 ± 8.16212.23 ± 11.884.41 ± 7.51122.83 ± 11.8181.73 ± 15.18246.01 ± 17.14EtOH82.11 ± 4.03140.16 ± 13.29184.36 ± 8.86230.98 ± 9.2382.5 ± 6.23127.14 ± 5.89192.24 ± 13.77189.38 ± 16.78  Post-CTA-2 BEC (trunk blood)NM89.73 ± 5.63140.28 ± 6.73211.73 ± 10.93206.08 ± 24.2899.67 ± 3.82144.41 ± 10.77214.48 ± 13.11283.44 ± 14.7Water**103.26** ± **2.68178.31** ± **9.26227.16** ± **8.08265.33** ± **17.26**105.16 ± 5.48166.45 ± 9.59228.8 ± 14.02316.5 ± 15.2EtOH78.9 ± 7.31160.9 ± 17.36191.66 ± 10.71222.6 ± 19.91128.89 ± 19.94174.44 ± 17.06219.69 ± 19.33257.36 ± 23.13[^1]

4. Discussion {#sec0095}
=============

The results of the current study demonstrate that regardless of whether adolescents were exposed to ethanol in early or late adolescence, animals that received binge-like exposure to alcohol during adolescence exhibited notable long-lasting attenuations in the aversive effects of ethanol relative to their counterparts that did not receive ethanol during adolescence. During testing shortly after the end of the exposure periods, this effect was more pronounced in late AIE animals, with these animals requiring a higher dose (2.5 g/kg) than early AIE animals (2.0 g/kg) to express ethanol CTA. This slight difference of exposure age failed to hold through to CTA-2, with both early and late AIE animals tested in adulthood not expressing CTA until the highest (2.5 g/kg) dose---a dose notably higher than necessary to produce CTA in their control counterparts. Given that adolescent animals are normally less sensitive than adults to ethanol\'s aversive effects, as indexed via ethanol CTA ([@bib0010]), these findings are reminiscent of other work showing that ethanol exposure during adolescence sometimes results in the retention of an adolescent-typical phenotype into adulthood (see [@bib0255], for a review).

The differences in baseline intake prior to CTA-1 across the to-be-administered CTA dose conditions must reflect incidental variations associated with random assignment, given that treatment of these groups was identical prior to the baseline test. During the baseline intake sessions for CTA-1, however, the chronic water animals from both exposure ages were also found to consume more of the "supersac" solution used as the tastant than the other exposure groups. This effect of prior exposure condition could potentially reflect an effect of the presumably mild stress associated with repeated gavage, with ethanol-exposed animals perhaps not expressing similar increases due to anxiolytic effects of ethanol. Many studies examining the effects of stress during adolescence have investigated long-term differences, with mixed results often depending on stressor severity, rat strain, and sex (e.g. see [@bib0130] for a review). In the few studies examining immediate effects of stress during adolescence, however, males were found to be relatively resistant to decreases in sucrose consumption ([@bib0015], [@bib0060], [@bib0085]), with females sometimes even reported to show increased sucrose consumption following repeated mild stress ([@bib0015], [@bib0165]). Regardless of the factors contributing to this gavage effect seen with CTA-1, it did not persist until CTA-2. It is possible that by this test, sufficient time had elapsed for recovery from the potentially mild stress of gavage. Alternatively (and perhaps at least as likely), it is possible that the accentuated intake after repeated gavage may be restricted to sweet stimuli such as "supersac" and may not emerge with a non-sweet taste stimulus such as the salt solution used as the tastant in CTA-2.

Test day intake during CTA-1 revealed that animals that received intermittent exposure to ethanol during adolescence exhibited attenuated sensitivity to the aversive properties of ethanol, with this insensitivity slightly more pronounced in late AIE animals. At testing in adulthood (CTA-2), however, comparable insensitivities were seen in AIE animals exposed at either of the two ages. These findings are consistent with previous studies also showing attenuated ethanol CTA after ethanol exposure in adolescence, despite notable differences in exposure mode \[i.g. here vs. i.p. ([@bib0005]) and vapor exposure ([@bib0045])\] in other studies.

While the current data are in accordance with previous findings that early AIE results in attenuated CTA in adulthood, the similarity in findings with late AIE contrasts with that reported by [@bib0005] using i.p. exposure. The age at which early and late exposures were administered differed only slightly between studies, with Alaux-Cantin and colleagues using P30-43 and P45-58 for early and late adolescence, respectively, whereas these groups were represented by P25-45 and P45-65 in the current study. Hence, it is likely that route of administration or other differences across labs may contribute to this and other differences reported between i.p. and i.g. routes with AIE data (e.g., compare results of i.p. ([@bib0005]) and i.g. ([@bib0025]) on later ethanol consumption). For a number of response measures, studies comparing early and late adolescent AIE exposure have observed that ethanol exposure beginning pre-pubertally and extending into puberty produce different consequences that those beginning later in adolescence (see [@bib0250], in press), with early exposure often resulting in an extension of an adolescent-typical phenotype, and late exposure resulting in more adult-typical consequences. From these CTA data, it would appear that sensitivity to ethanol\'s aversive effects might be an exception, with exposure to ethanol throughout a broad range of adolescence sufficient to attenuate later sensitivity to ethanol aversion in a way that could serve to promote later intake.

One possible contributor to the considerable resistance to ethanol CTA seen following both early or late AIE is a general degradation of the US during conditioning, a phenomenon known as the US pre-exposure effect. The US pre-exposure effect suggests that previous exposure to the US, in the present case, repeated prior exposure to ethanol, will lead to a retardation in the acquisition of a conditioned response using that US ([@bib0175]). However, the current study, along with previous studies ([@bib0045]), provides evidence to suggest that the US pre-exposure effect is not responsible for the attenuation in CTA after AIE. First, the interstimulus interval between exposures is either 4 days or 3 weeks, with previous results showing a diminished US pre-exposure effect by 4 days post-exposure ([@bib0135]). Additionally, the route of administration differed between pre-exposure (i.g.) and CTA conditioning (i.p.), which contrasts with consistency in route used in prior studies showing US pre-exposure effects. Together, the combined effect of the long interstimulus intervals and different routes of administration would seemingly make it unlikely that the attenuation in CTA seen after AIE is merely a result of a diminished association between the US and CS.

Blood ethanol concentrations following an acute ethanol injection did not differ between exposure groups following CTA-1. This finding is in accordance with prior data showing no differences in BECs across groups following adolescent intermittent ethanol exposure ([@bib0045], [@bib0170]). At CTA-2, animals in the water pre-exposed group displayed higher BECs at challenge when compared to both ethanol exposed and NM animals, whereas attenuated CTA was seen in AIE animals relative to both water and NM animals. Hence, the attenuated ethanol CTA seen after AIE exposure at either age does not appear to be related simply to metabolic tolerance, but rather reflects a pharmacodynamic effect, complementing prior studies.

The persisting attenuations in ethanol CTA after AIE may reflect an effect of the ethanol on ongoing neuronal development. The adolescent brain is undergoing rapid and substantial reorganization, including modifications in areas related to motivation and reward (see [@bib0055] for a review). The neurocircuitry connecting the prefrontal cortex (PFC) and subcortical reward regions continues to develop throughout adolescence, with, for instance, overall excitatory drive and synaptic density to the PFC exhibiting notable declines during adolescence ([@bib0075], [@bib0095], [@bib0205], [@bib0320]; See [@bib0220] for review), while glutamatergic projections from the basolateral amygdala to the PFC continue to emerge during adolescence ([@bib0035]). DA receptor densities within the dorsal striatum peak during this stage of development, followed by a substantial pruning of these receptors during the adolescent-to-adult transition period, a finding mirrored in both human ([@bib0215]) and rodent ([@bib0275], [@bib0280]) studies. Extended exposure to ethanol during adolescence could exact lasting alterations within circuitry underlying rewards and aversions (see [@bib0110] for review of circuitry), possibly delaying or abating the normal ontogenetic progression in these and other neural systems (see [@bib0245] for review). There has been little investigation to date of the effects of AIE on such circuitry.

Results have reliably demonstrated that adolescent rodents are less susceptible to the aversive effects of many drugs of abuse, including ethanol ([@bib0010], [@bib0160]) and cocaine ([@bib0210]). Likewise, CTA for non-addictive substances such as lithium chloride is also reduced in adolescents ([@bib0210]), suggestive perhaps of a general insensitivity to aversive effects at this time. Since current and prior results have demonstrated an extension of adolescent-typical behaviors into adulthood following exposure to large amounts of alcohol in adolescence, it would be interesting to examine the response to LiCl in adulthood following AIE to determine whether the attenuated CTA is general or drug specific after AIE. A limitation of the current study is the exclusion of an adult exposure group, thus it is unknown if the results seen following early and late AIE are adolescent-specific, or if comparable results would be seen in adults. [@bib0045], however, found effects of attenuated CTA to ethanol following repeated ethanol exposures to be evident after adolescent but not adult ethanol exposure, suggesting that the notable insensitivity to aversive effects of ethanol seen after AIE may be specific to adolescent exposure. Assessment of females would also be helpful, with prior research reporting both attenuated ([@bib0030], [@bib0225]) and enhanced ([@bib0140], [@bib0145]) sensitivity to aversive effects of drugs of abuse in adolescent and adult females when compared to males. Although little investigated, when studied females have been observed to be more resistant to other effects of AIE than males (e.g., [@bib0295]).

The current data provide evidence that repeated exposure to binge levels of ethanol intake in either early or late adolescence leads to an insensitivity to the aversive effects of ethanol in adulthood. Drug abuse is often thought to be related to the relative balance between the rewarding and aversive properties of the drug, with attenuated sensitivity to aversive effects often associated with increased intake of ethanol (see [@bib0180] for a review), perhaps more strongly so than an enhanced sensitivity to ethanol\'s rewarding effects per se ([@bib0080] among others). Hence, the prolonged insensitivity to aversive properties of ethanol following AIE may promote increased ethanol intake in adulthood, a hypothesis supported by recent findings ([@bib0005]). Overall, it appears that repeated exposure to binge-levels of alcohol during either early or late adolescence results in a retention of an adolescent-typical insensitivity to ethanol aversion into adulthood, possibly permitting relatively high levels of ethanol consumption and contributing to later alcohol-related problems.
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[^1]: \***Bolded** values denote a significant difference from Early AIE CTA-2 NM and ethanol animals.
